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IMPROVED APPLANATION LENS AND METHOD FOR 
OPHTHALMIC SURGICAL APPLICATIONS 

FIELD OF THE INVENTION 

[0001] The present invention relates to an improved applanation iens for an 

interface device for ophthalmic laser surgery and, more particularly, an applanation lens 

formed of a material that is biocompatible with the cornea and does not discolor and/or 

have reduced transmittance with respect to its ability to transmit light energy generated by 

a laser beam during ophthalmic surgery. An applanation lens is a lens with an 

applanation surface configured to contact the eye and applanate or flatten the anterior 

surface of the eye upon application of a pressure. An applanation lens for use with laser 

surgery must be relatively free firom aberrations, both spherical aberrations (which relates 

to points on the optical axis of the laser beam) and coma (which relates to points that are 

off-axis). 

BACKGROUND OF THE INVENTION 

10002] in recent years, significant developments in laser technology have led 
to its application in the field of ophthahnic surgery. In particulaTj, laser surgery has 
become the technique of choice for ophthahnic surgical applications. In certain 
ophthalmic laser procedures, surgeons use a mechanical device termed a microkcaratome 
to cut a layer of the anterior surface of the comea in order to expose the underlying 
corneal stroma to which the laser is applied. However, complications surrounding the use 
of the microkeratome and its metal blade have resulted in research into improved 
techniques that are perfonned exclusively by a laser sykem. Such alHaser techniques 
obviate the need for mechanical devices pre- or post-operatively, and provide 
significantly improved precision. 

[0003] Despite these advances in laser technology, the use of such systems for 
ophthahnic surgical procedures remains fi:aught with substantial mechanical Ihnitations, 
particularly in the area of developing a stable interface between an incident laser beam 
and the eye of a patient* Ophthalmic surgery is a precision operation and requires a very 
precise coupling between the surgical tool (i.e., the laser beam) and the region to be 
disturbed (le., a portion of the patient's eye). Even a veiy small movement of liie eye 
with respect to the intended focal point of the laser beam can not only lead to non-optidiial 
results, but migjit even result in permanent damage to non-renewable tissue within the 
eye, leading to precisely the opposite result than that desired. Given that eye movement 
is often the result of autonomic reflex, it should be understood that there must be some 
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means of stabilizing the position of a pad^'s eye with, respect to an incident laser beam 
in order to avoid the intolerable consequence of relative movement 

[0004] Heretofore, the major technique used to compensate for relative eye 
motion with respect to an incident laser beam has been to have the patient focus on a 
stationary target This involves providing a visual target to the eye undergoing surgery, 
and requiring that the patient retain focused on the perceived target feature. While this 
technique has provided some small benefit, it places all of the burden of minimizjug 
relative motion upon the patient^ and does not allow for any gross autonomic reflex 
motions, e.g., as when the patient might be startled. In this techmque, the target provides 
optical interface, while the patient's conscious responses provide the feedback 
mechanism. 

[0005] An additional technique iavolves the use of s\n. optical eye tracking 
apparatus, whereby a selected eye feature is targeted for monitoring by an optical device, 
and as the targeted feature displaces as liie result of eye movement, its displacement is 
characterized and fed into the incident laser beam control apparatus as a compensation 
signal. This second technique offers a substantial improvement over the first, particularly 
when it is implemented in addition to a patient-driven target focusiag mechanism. 
However, such systems are uiordinately expensive since a second, completely 
independent optical path must be provided between a patient's eye and a surgical 
apparatus in order to accommodate the eye tracking ^paratus. Further expense and 
complexity are incurred when it is considered that an eye trackrug apparatus requires an 
additional software component in order to be operative, which software component must 
be integrated into a laser delivery system* Considerations of interoperability must be met 
as well as the provision for an automatic shutdown of the laser system in the event of the 
loss of target feature lock, 

[0006] Accordingly, a simple mechanical system, if properly designed, is able 
to best meet the imperatives of interfecing a laser delivery system with a target object If 
the goal is to roininiize relative analog motion, an analog stabilization device would 
necessarily offer the most advantageous solution. 

[0007] In this regard, certain mechanical stabilization devices have been 
proposed, particularly, a corneal applanation device which is the subject of U.S. Patent 
Apphcation Serial No. 09/172,819, filed October 15, 1998 and commonly owned by the 
assignee of the present invention, the entire contents of which are expressly incoiporated 
herein by reference. Such a mechardcal device directly couples a patient's eye to the 
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, laser's delivery system being affixed to both the laser aad the anterior .surface of a 
patient* s coiiiea. The corneal coupUng, in these devices, is typically implemented by 
lowering an applanation fixture over the anterior surface of the cornea under pressure. It 
is assumed in these forms of devices that pressure applied normal to ihe corneal surface 
will restrict conventional motion of the cornea thereby stabilizing the eye along a major 
access normal to the device, 

[00081 However, although this assumption may hold tme in a'large number of 
cases, it certainly does not have universal application. Moreover, in the cases where it 
does hold, the device/cornea interface should be established with the iris centered, for 
best results. The actual establishment of an effective device/comeal interface is an 
exercise in trial-^and-error, resulting in a great deal of frustration to doctor and patient, as 
well as considerable eye fatigue. For ophthahnic laser procedures where eye tissue is to 
be photodisrupted, it is extremely importaut for the laser beam to be properly focused to a 
specific focal spot in the tissue that is to be effected. Not only is it extremely important to 
have good focal definition, but also for the focal point to have the proper dimensionality 
(i.e., the correct spot diameter and shape). la order to accommodate this, it is necessary 
for the laser beam to be as free from abeirations as possible. In particular, for ophthalmic 
laser procedures involving the cornea, it h^pens that the spherical geometry of the 
comea introduces optical aberrations as a result of its shape, which are separate and 
distinct from aberrations introduced by the laser's own optical system. Significantly, 
these corneal induced aberrations distort the definition of the focal spot of a laser beam as 
the beam is focused to a position within corneal tissue. 

[00101 to the spherical geometry of the anterior surface of the comea, two 
specific types of aberrations are of particular importance with regard to beam distortion; 
spherical aberration (wMch relates to points on the optical axis of the laser beam) and 
coma (which relates to points that are off-axis). Sjpherical aberration and coma are 
similar to one another in that they both arise from a failure to image or focus optical ray 
traces onto the same point. Spherical aberration relates to a distortion that can be 
characterized as radial in nature, with some radial directions being stretched while other 
radial directions are shrunk, converting thereby, an ideally circular spot into an elliptical 
spot' Coma distortion, on the other hand, implies an elongation along one radius in the 
shape of a circle, resulting in a "cometlike'* shape. Accordingly, any structure which ■ 
interfaces between a curved, anterior surface of flie comea and laser dehvery system must 
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be applanatic in nature. By defiboiiion, an applaaatio lens is one that is free from both 
spherical aberration and coma. 

[0011] As is recognized by the present inyention, applanatic refraction at the 
anterior surface of the cornea can be effectively accomplished by flattening the anterior 
surface. With such a corneal reconfiguration, the beam will be free of aberrations (other 
than chromatic) which wpnld otherwise result from an interface with the.comea's native 
spherical anterior surface. 

[0012] Because of the foregomg considerations, a shnple mechamcal interface 
device was developed which is the subject of copendmg parent application S.N. 
09/772,539. That device is able to stabihze the eye against relative motion with respect to 
a laser beam used for ophthahnic surgical procedures without relying on secondary 
mechanical considerations, such as surface tension, friction, or the like. Such a device 
should be able to present an optical feature to an incident laser beam in a stable, well- 
characterized location, such that the beam is able to interact with the feature without 
regard to opto/electronic feedback mechanisms. In addition to maintaining a proper 
orientation between the eye and a laser delivery system during ophthalmic laser surgery, 
such a device should applanate the eye during surgery while reducing intraocular pressure 
during the surgical procedure. Such a device should be easy for a clinician to affix^ as 
well as being simple and cost effective to manufacture and use, 

[00131 Aside from structural differences, applanation lenses are unlike many 
other types of lenses used in lens systems such as those described in U.S. patents 
5,359,373 and 6,142,630, because an applanation lens is not part of an expensive lens 
system and can easily be removed from mechanical interfece devices. As such 
applanation lenses used in the past have been disposable. Because of cost considerations 
they have been formed of a polymer materials. 

[00141 The preferred method of ster^ization for such lenses is by gamma 
sterilization, Ganama sterilization is relatively inexpensive and does not leave a residue, 
as some sterihzing gases tisnd to do. However, it has been found that gamma radiatian^^at- - " 
levels sufficient for sterilization (e*g., 25 kGy — 40 kGy) causes problems because it 
discolors polymers and certain glasses, or otherwise lowers the transmittance of light 
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throu^ these materials. TraEismittance as used herein refers to optical efficiency or the 
ability of a material to traQsmit light. 

[0015] Because the dose of radiation may be variable between sterilization 
lots, the am^oxmt of transmittance loss is not uniform. Thus, sterilization of these materials 
using gamma radiation introduces an imcontrolled variable into the system. This is a 
serious problem because of the need to be able to focus the laser beam at precise locations 
in or on the cornea, and to consistently deliver, a predetermined level of energy to that 
location. 

[0016] The variability caused by sterilization has the effect of significantly 
reducing the predictability from one surgical procedure to another, and adds to the time of 
a surgical procedure because the system must be recalibrated for each use. The loss of 
transmittance also requires, greater power depending on the reduction in the lens's ability 
to transmit light 

[0017] Thus, there is also a need for an applanation lens that remains stable 
when gamma radiation is applied and does not discolor or lose transmittance below 90% 
for wavelengths of light from 275nm to 2500nm, particularly at about 1053mn which is 
the near infrared wavelength of the femtosecond laser that is preferably used in the 
system in this ^plication. 

[0018] Because the applanation lens is in direct contact with the cornea of the 
eye, it must be composed of a material that is biocompatible with corneal tissue. In 
addition, the applanation lens material must be able to withstand the applied laser energy 
without melting, oxidizing, or creating byproducts tiiat are not compatible with corneal 
tissue; 

SIJMMARY OF THE BWENTION 

[0019] The problejtns described above have been solved by an improved' 
applanation lens for use in an interface between a patient's eye and a surgical laser system 
that does not discolor or lose light transmittance when subjected to gamma radiation. The 
improved applanation lens has an applanation surface configured to contact the eye and 
applanate or flatten the anterior surface of the eye upon application of a pressure. The 
lens is formed of high purity silicon dioxide (Si02). 
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[0020] The inqjroved applanation lens must have a trajisimttance of greater 
than 90% for wavelengths of light from 275niii — 2500nm, particularly for a wavelength 
of about 1053nm. The improved applanation lens is formed of Si02 with purity great 
enough to resist discoloration upon prolonged iiradiation by high-energy radiation such as 
UV, x-rays, gamma rays or neutrons, and is preferably a fused silica. 

[0021j The invention also includes an interfece, adapted to cQuple a patient's 
eye to a surgical laser, in which the interface includes aa attachment apparatus adapted to 
overlay the anterior surface of an eye and for stable engagement to the eye. An 
applanation lens, which is adapted to be mounted on the attachment apparatus^ has - an 
appiaaation surface configured to contact the eye and applanate or flatten the anterior 
surface of the eye upon application of a pressure. The surface is bounded by a plane and 
coupled to a delivery tip of the surgical laser such that the delivery tip is referenced to the 
plane. The applanation lens is fonned of higji purity SiOa and has an index of refiraction 
of approximately 1.46. The applanation lens must have a transmittance of greater than 
90% for wavelengths of light from 275imi - 2500nm, particularly for a wavelength of 
about 1053imi. The applanation lens is fonned of a Si02 with purity great enou^ to 
resist discoloration upon prolonged irradiation by high-energy radiation such as UV, x- 
rays, gamma rays or neutrons, and is preferably a fused silica. 

[0022] The invention also includes a metliod for applanating an anterior 
surface of a patient's eye and coupling the eye to a surgical laser. The method includes 
the steps of (1) providing an interface, the interface including a central orifice, and having 
top and bottom surfaces; (2) removably coupling a suction ring to the bottom surface of 
Ibe interface; (3) positioning the interface over an operative area of an eye, such that the 
suction ring comes into pro:mnate contact with the surface of the eye; (3) applying a 
suction to the suction ring to thereby stabihze the position of the interface relative to the 
operative area of the eye; (4) positioning an applanation lens in proximate contact with 
the operative area of the eye, the applanation lens having an applanation surfece 
configured to contact the eye and applanate or flatten the anterior sitrface of the eye upon 
application of a pressure, flie applanation lens being formed of high purity Si02; andj(5X^ ^ 
coupling the applanation lens to the interface to thereby stabilize the position of the lens 
relative to the operati^ve area of the eye. The applanation l^is must have a transmittance 
of greater than 90% for wavelengths of light from 275!nn - 2500nm, particularly for a 
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wavelengfii of about 1053rm3u The applanation lens is formed of Si02 with purity great 
enough to resist discoloration upon prolo.uged irradiation by high-energy radiation such as 
UV, x-rays, gamma rays or neutrons, and is preferably a fused silica. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] These and other features, aspects and advantages of the present 
invention will be more fully understood when considered in connection' with the 
following specification, appended claims and accompanying drawings wherein: 

[0024] Fig. 1, is an exploded, perspective illustration of the component 
portions of an ocular stabilization and applanation device in accordance with the present 
invention; 

[0025] Fig. 2, is a simplified, top plan view of the gripper/interface structure 
suitable for use in connection with the ocular stabilization and applanation device of Fig. 

[0026] Fig. 3, is a simplified, side view of the gripper/interface structure 
suitable for use in connection with the ocular stabilization and applanation device of Fig. 

1; 

[0027] Fig. 4, is a perspective illustration of a lens cone, interfacing with a 
gripper/interface structure, and incorporating an applanation lens in accordance with the 
invention; 

[0028J Fig. 5, is a simplified, cross-sectional illustration of an attachment ring, 
suitable for use in connection with the ocular stabilization and applanation device of Fig. 

1; 

[0029] Fig. 6, is a simplified, cross-sectional illustration of the attachment ring 
of Fig. 5, illustrating the coupling of the attachment ring to tiie anterior surface of a 
patient's eye, and indicating applanation of the corneal surface; 

[0030] Fig. 7, is a simplified, cross-sectional illustration of a first embodiment 
of an applanation lens disposed within an attachment ring; 
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[0031] Fig. 8, is a simplijBed cross-sectional illustration of the ocular 
stabilization and applanation device of Fig. I, showing operation of tiie device to 
appianate the corneal surface of an eye, 

[0032] Fig. 9, is a simplified, cross-sectional illustration of a second 
embodiment of an applanation lens disposed within an attachment ring; 

[0033] Fig. 10> is a simplified, semi-schematic illustration of the top surface of 
a gripper/interface device , and showing radial aUgmnent guides, in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE mVENTION 

[0034] The present invention is directed to an improved applanation lens and \3 
method using such a lens. The improved lens can be used in any system that uses such a 
lens, particularly a mechanical apparatus that performs the functions of coupling the 
anterior surface of a target eye to a surgical laser and applanating said eye. The apparatus 
is termed mechanical because it directly couples the mechanical surface of an operative 
target, such as human corneal tissue, to a mechanical fixture of a surgical laser system, 
such as the distal tip of a laser beam's deHveiy system. Simply put, and in the context of 
a particular embodiment which will be described in greater detail below, the apparatus is 
affixed to the anterior surface of a human comea and is affixed to the laser delivery 
system. 

[0035] Referring initially to the exemplary, embodiment of Fig, 1, an . 
illustrative ocular fixation and applanation device is shown in an exploded, perspective 
view, and is generally indicated at 10. Ilie ocular fixation and applanation device 
(referred to herein as simply an applanation device or alternatively, a patient interface) is 
an apparatus that attaches to a hinnan eye and holds (fixes) the eye in all fliree axes (x, y 
and z) firom translational and rotational movement with respect to the incident beam, of a 
laser surgical device* In addition, the applanation device allows for the cornea of the eye 
to be applanated by a lens (laser optic) for efficient ophthalmic surgery. Once the eye is 
applanated by an external force^ the applanation device grips, holds or afiSxes the eye fo~ 
the applanation lens, or laser optic, during a laser surgical procedure, so. as to rniiiiinize or 
preclude differential motion of the human eye with respect to the laser optical path during 
the laser procedure. 
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[0036] Wifli regard to the exemplary embodiment of Fig, 1, the applanation 
device 10 comprises a number of component parts. In this regard, the applanation device 
10 suitably comprises m ocular attachment ling 12, by means of which the applanation 
device 10 is coupled to the eye, a gripper fixture 14, a lens cone fixture 16 and an 
applanation lens 18, which ia combination with the lens cone 16 is used to applanate a 
patient's cornea and establish an appropriate optical path alignment between the cornea 
and a laser optical path. 

[0037] The component parts of the applanation device 10 are illustrated in 
exploded view, and are intended to be collapsed vertically, such that each of the 
individual portions of the device are Lq mechanical engagement with appropriate other 
portions, such that the completed device is provided in a generally unitary structure. This 
is not to say that the device's component parts are permanently affixed to one another: 
indeed, the component parts are separable and iuterchangeable at will* Rather, the 
applanation device 10 is intended to form a single composite interface structure between a 
human cornea and a surgical laser once the component parts have been aligned with a 
patient's eye and with respect to the laser delivery system, as will be described in detail 
below. 

[0038] As illustrated in the exemplary embodiment of Fig. 1, the attachment 
ring 12 forms the mechanical interface between the anterior surface of a hxmian comea 
and the remaining structure of the applanation device. The attachment ring 12 is 
constmcted of a flexible, hypoallergenic material such as rubber, hypoallergenic plastic, 
silicone, or the like. The attachment ring 12 is substantially armular in shape, having a 
generally smooth exterior sinface and a highly articulated and ftmctional inner surfiice, ais 
will be described in greater detail below. Being annular in shape, the attachment ring 12 
necessarily defines an outer dimeter (OD) and imier diameter (ID), with the inner 
diameter circumscribing a central target opening 13. The absolute value of its outer 
diameter is not particularly relevant to practice the principles of the present invention, but 
the value of the inner diameter is suitably chosen such that when the attachment ring 12 is 
placed over a patient's eye, the attachment ring's central opening, defined by the inrier 
diameter, completely circumscribes a sufficient area of comeal tissue such that a surgical 
laser procedure may be completely performed within the exposed area without having to 
displace tiie attachment ring. 
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[0039] The attachment ring 12 is disposed and retained withioi an 
appropriately shaped female-type receptacle provided in the underside of the 
gripper/interfaoe structure 14. Since the attachment ring 12 is constructed of a flexible 
material, the female receptacle of the gripper structure 14 need only have an ID of a 
dimension slightly smaller than the OD of the attachment ring, such that the attachment 

ring may fit within the receptacle and be held in place by compressive force, 

* 

[0040] The gripper/interface structure 14 of the exemplary embodiment of 
Fig. 1 is detailed in the top plan view iUustration of Fig. 2 and the side view illustration of 
Fig. 3* In general, the gripper/interface 14 functions much like a clothes pin, and is 
constructed with a gripper portion 19, overlaying a receiver portion 20 that is designed to 
receive ^nd contain the attachment ring 12 within a central opening 21 that passes through 
both the gripper portion and the receiver portion. The gripper portion 19 is constructed as 
a lever, characterized by two lever handles 22 and 24 separated by a closure spacing 25, 
As the lever handles are squeezed together, the closure spacing 25 closes and a 
deformation force is transmitfed to two jaws 26 and 27 surrounding the central opening 
2L Applying a deformation force causes the jaws 26 and 27 to further separate, in tum 
causing the central opening to increase in area. Pinching the lever handles 22 and 24 
together forces the jaws 26 and 27 to widen sufficiently for a cylindrical object to be 
inserted into the now-widened central opening 21. Once the pressure on the lever handles 
is relaxed and the jaws close to their nominal position, the inside surfaces of the jaws 26 
and 27 compress against the object and retain the object in position in the central opening 
21. The gripper/interface device 14 must couple the attachihent ring 12 to the lens cone 
fixture 16 in a relatively secure manner and with a characterizable geometric relationship. 

[0041] The receiver portion 20 is disposed below the jaws of the gripper 
portion and lays m a plane parallel to that of the gripper portion. The receiver portion is 
cantilevered forward firom the space between the lever handles and the jaws and is 
separated firom the gripper jaws by a slight spacing* The receive portion is substantially 
annular in sh^e with the central x^perdng 21 extending therethrough. Thus, it will be 
noted that wh^ the gripper portion jaws 26 and 27 are opeaaed, only the central openings, 
portion defiaied in the gripper portion 19 is widened. The central opening portion 
extending through the receiver portion 20 maintahis its diameter- This particular feature 
allows the attachment ring 12 to be maintained within the central opening portion of the 
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receiving portioiL, when the gripper jaws are opened. Likewise, the gripper jaws may be 
opened to receive, for examplei the lens cone, without disturbing or displacing the 
attachment ring. 

[0042] In this regard, and in comiection with the perspective illustration of 
Fig, 4y the lens cone fixture 16 is suitably constructed as an open-sided truncated cone- 
like structure, with an open, annular base rhig 28 aiSxed to an open, cylindrical apex ring 
30 by a set of support struts 32 which extend between the base ring 28 and the apex ring 
30. The base ring 28 is larger than the apex ring 30 thereby giving the lens cone 16 its 
characteristic truncated cone-like shape. 

[00431 Being cyhndrical in construction, the apex ring 30 will be understood, 
to comprise an inner 20 diameter (ID) and an outer diameter (OD), wherein the OD is 
dimensioned such that it is only slightly larger than the ID of the central opening portion 
21 of the gripper portion 19 of the gripper/hiterface structure 14. The lens cone structure 
16 is constructed of a substantially rigid material such as a rigid, extruded plastic, 
aluxoinum, or the like, such that flie OD of the apex ring 30 would not be expected to 
substantially deform under pressure, particularly not under the compression forces 
appUed by the j aws of the gripper. 

[0044] Accordingly, the lens cone fixture 16 would not precisely fit into the 
ID of the central opening 21 of the gripper/interface structure 14 under normal 
circimistances. However, once compressive force is applied to the lever handles 22 and 
24, that force is applied to the remainder of the structure, causing the jaws 26 and 27 to 
open and the interior diameter of central opening 21 to increase in consequence. The OD 
of the apex ring 30 of the lens cone structure 16 is able to then be inserted into the central 
opening 21 of the gripper/interface structure I 4 and, when pressure is released on the 
lever handles 22 and 24, the jaws 26 and 27 close upon the apex ring 30 thereby grasping 
the apex ring and establishitig a fixed relationship between the lens cone 16 and the 
gripper/interface stracture 14. Since the gripper/interface structure 14 is in geometric 
engagement with the attachment ring 12, and since the attachment ring 12 is coupled to 
corneal tissue, it should be understood that the lens cone fixture 16 is now held iii' a~' 
particular spatial relationship (alignment) with the surface of the cornea. 
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[0045] As will be described in greater detail below, the apex ring 30 defines a 
receptacle for receiving and retaining an applanation lens 18. The applanation lens 18 is 
intended to be placed in proximate contact with a human cornea, and since it is the 
fiinctioa of the attachment ring 12 to mechanically interface with a human eye, it should 
be understood that the gripper/interface structure 14 functions to provide an alignment 
and coupling interface between the lens cone fixture, including the applanation lens 18, 
and the attachment ring 12, and thereby the patient's eye. 

[0046] The applanation lens 18 must have good transmittance (e.g., above 
90%) for wavelengths from 275mn to 2500mn, preferably at 1053nm which is the near 
infrared wavelength of the preferred femtosecond laser used in conjunction with the 
system described ra this application. Because the applanation lens is in durect contact 
with the cornea of the eye, it must be composed of a material that is biocompatible with 
corneal tissue. In addition, the applanation lens material must be able to withstand the 
^plied laser energy without melting, oxidizing, or creating byproducts that are not 
compatible with corneal tissue. 

[0047] The lens 18 must also be compatible with gamma steriHzation and not 
lose transmittance when exposed to levels of gamma radiation used in the sterilization 
process (e.g., 25kGy - 40 kGy). Gamma radiation is the preferred method of sterilization 
to make a lens 18 disposable. Also, the lens 18 must be economically available in 
quantities and with consistent quality to make production of a disposable lens viable. In 
view of these considerations, it has been found that an applanation lens 18 formed of high 
purity Si02, preferably fused siUca, has all of these characteristics. In particular, 
synthetic fused silica manufactured by Dynasil Corporation, as Dynasil 4000 Fused 
Silica, is a preferred material, 

[0048J With regard to the laser delivery system, it will be understood that the 
base ling portion 28 of the lens cone fixture 16 is adapted to be affixed to the distal end of 
a laser optical delivery system, such that the delivery system need only be concerned with 
focusing an incident laser beam at a particular point in space. As will be fmUier described 
below^ the surface of the applanation lens in contact with corneal tissue (the applanation 
surface) is disposed at a specific distance from the interface between the base ring aad the 
laser delivery system, such that the anterior corneal surface, or at least that portion in 
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contact witii the applanation lens^ is at a known specific distance &om the laser deUveiy 
tqj. The surface of the cornea now resides along a plane at a distance known to the laser, 

[0049] An exemplary embodiment of an attachment ring, generally indicated 
at 12, is illustrated in the exemplary, ctos&-sectionai diagrams of Figs. 5 and 6, where Fig. 
5 illustrates the attachmeat ring alone, arid Fig. 6 illustrates the attachment ring as it 
would be applied to the anterior surface of a patient^s eye. Recall that it the function of 
the attachment ring 12 to provide a primary interface with an operative target, such as a 
himian eye, and a laser delivery system. In this regard, the operative, target is represented 
as the corneal portion 34a of a human eye 34 in the exemplary embodiment of Fig. 6, and 
to which the attachment ring 12 is illustrated as being affixed. In the exemplary 
embodiment of Fig, 5, the attachment ring 12 is illustrated as havinjg an interior and 
exterior portion, the exterior portion of which is characterized by a lower skirt 36 which 
functions as a shroud that comes into intimate contact with the anterior portion of the 
human eye 34. The shroud 36 has a relatively thin cross-section and is deformable so as 
to establish and maintain conformal contact with tiie anterior comeal surface. The shroud 
or skirt poition 36 extends upwardly into a crown surface 38 which maintains a 
substantially uniform ID against deformations of the lower shroud portion 36 in response 
to pressure against the shroud portion by the human eye. 

[0050] The attachment ring 12 further includes an interior, annular ring 
member 40 which is disposed on and protrudes outwardly fipm the interior surface of the 
attachment ring. The annular ring member 40 protrudes outwardly in a direction normal 
to the interior surface of the attachment ring, on its top surface, but is formed with a 
bottom surface that iucludes an. upwardly extending cavity 42, v^dth the cavity formed 
between a bottom portion of the anmdar ring member 40 and a proximate portion of the 
interior surface of the attachment ring 12. Thus, it should be understood fliat the cavity 42 
formed by the shape of the annular ring memb^ 40 dejBnes an annular cavftyj, with its 
opening pointing towards the bottom, shiroud or skirt portion of the attachment ring. 

[00511 the particular exerrplary embodiment of Figs* 5 and 6, the 
attachment ring 12 flrrther 10 includes an attachment fitting 44 which extends, in a ratUai 
direction, firom the exterior surface of the attachment ring. The attachment fitting 44 
includes a central orifice 46, disposed along its entire length, and which passes through 
the material of the attachment ring's skirt portion 36> such that a communication.path is 
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Opened between the annular channel 42, at one end, and the distal end of the attachment 
fitting 44. The attachment fittmg 44 might be constructed of the same material as the 
attachment ring; indeed the entire apparatus might be foimed or molded as single piece. 
Altematively, the attachment fitting 44 migjit be a separate small piece of plastic, metal, 
or some other material that is coupled to the attachment ring 12 at any stage in the 
manufacturing or assembly process of the applanation device 10. It shoiUd also be noted 
that if the attachment fitting 44 were to be constructed &om the same pHant, flexible 
rubber, sificone or plastic material as the attachment ring, a suitable female receptacle can 
be provided on the underside of the gripper structure 14 in proximity to and extending 
from the central opening 21 thereof.. As the attachment ring 12 is fiiction-fit uito place 
within the gripper 14, the attachment fixture 44 is also press-fit into its corresponding 
female receptacle, thereby orienting and retaining the entire attachment ring structure 
within the gripper 14, by compressive force. 

[0052] Additionally, and as best seen with respect to Fig. the attachment 
fixture 44 might be accessed by inserting one side of a male-to-male fitting coupler 45 
(Fig. 1) into the central orifice 46 and coupling the other side to a length of small 
diameter, medical grade tubing. The tubing is then coupled to a vacuum source which, in 
turn, is then able to apply a vacuum to the annular channel 42 through the attachment 
jgxture 44. Alternatively, attachment ring 12 may be configured with projections, such as 
"teeth", "bumps", or some such other gripping or fiiction inducing structure, that would 
serve to attach the attachment ring to the eye without the need for suction. In operation, 
and with regard to the particular exemplary embodiment of Fig. 6, the ocular attachment 
ring 12 is placed around the lunbus of a patient's eye 34, such that its lower, skirt portion 
36 surrounds the anterior surface of the cornea 34a, thereby leaving firee optical access to 
the cornea 34a. A slight compressive force is applied to the attachment ring, thereby 
deforming the skirt portion 36 in an outwardly direction, such that it tends to conform to 
the shape of the corneal surface. A slight vacuum is developed by a vacuum source or 
suction pump and coupled to the attachment ring througji flie attachment fitting 44. As 
suction is applied to the attachment fitting 44, its internal orifice 46 couples the suction to 
the annular channel 42 which is now sealed-off firom the external ambient environment by~ 
corneal contact with the skirt portion 36 (forming one side of the channel) and a contact 
edge 50 of the annular ring member 40 (forming the other surface of the channel). A 
vacuum is thereby developed witiun the annular channel 42 which, in turn, couples the 
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attachment ring 12 to the corneal surface 34a, thereby JQxing the eye to the attachmeat 
ring which, when it is itself coupled to the rest of the structure, as will be described in 
greater detail below, fixes the eye against relative movement. 

[0053] It should be noted, in connection with the embodiment of Fig. 6, that in 
its preferred form, the attachment ring 12 is affixed to the gripper structure 14, prior to the 
attachment ring's being coupled to an eye. The gripper is not shown as being already 
attached to the attachment ring in order that the particular structural and functional details 
of the attachment ring may be shown simply and without regard to additional and 
potentially confusing structure. Further, and as will be described in greater detail below, 
two comeal surface shapes are depicted in the illustrated embodiment of Fig* 6, a rounded 
surface 34a, indicating the normal shape of the cornea, and a flattened surface 34b 
iadicating the effects of applanating the comeal surface. Applanation is discussed further 
in this specification, but it is worth noting that as the gripper/ring structure is affixed to 
the eye 34, the structure surrounds the limbus, leaving the comeal area open to access. 
The comeal surface remains substantially rounded, at this point, and is only contoured or 
flattened after introduction of the applanation cone 16 into the gripper and contact is 
made between the applanation lens 18 and the cornea 34a, The applanated comeal surface 
34b then takes on a shape imposed by the shape of the contact surface (applanation 
surface) of the applanation lens. 

[0054] In the particular exemplary ernbodiment of Fig, 6, tbe vacuum or 
suction developed by the vacuum source or suction pump is transmitted to the attachment 
fitting 44 by small-bore tubing. The suction might be applied by coupling the tip of a 
syringe to the attachment fitting 44 and by introducing a vacuum in the body of the 
syringe. That vacuuni is transmitted to the attachment ring by a small-bore tubing, a blunt 
canula, or the like. All that is required is that a vacuum (partial or otherwise) be formed 
within the annular channel 42 such that it is able to provide a coupling force between the 
attachment ring and the comeal surface. 

[0055] Turning now to Fig. 7, it will be appreciated that the lens cone 16 
affords sinodlar functionality to the attachnient ring 12, in that the lens cone 16 provides 
the primary interface and attachment between the applanation device (10 of Fig. I) and 
the delivery tip of a surgical laser system* In this regard, the base ring 28 is rigidly 
coupled to the laser, delivery system. Attactunent between the two structures may be made 
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in a rtumber of ways, while remaimng within the scope of the iaveation. In pardcular, tte 
base ring 28 may be provided with slot-shaped cutouts which are mated with retaining 
pins provided on the delivery system, with the base ring being inserted over the pins and 
rotated in order to create an interlock. Alternatively, the base ring can be screwed into 
place on the dehvery tip or, the dehvery tip might be provided with rotatable "dogs'* 
which are rotated ioto place over the base ring 28 thereby securing the base ring into 
position. The means by which the base ring and thus the lens cone 16 are affixed to the 
delivery tip is not particularly material to practice the principles of the invention. All that 
is reqtdred is that the lens cone 16 be affixed to the delivery tip such that it is incapable of 
independent relative movement with respect to the delivery tip. In this regard, it shoidd be 
noted that the base ring has a top surface defining a generally horizontal plane (an x, y 
plane). The delivery tip is provided with a similar planar surface which is mated with the 
planar base riag surface. An x, y plane defining one aspect of ocular applanation is 
thereby established. 

[0056] As illustrated in the exemplary, cross-sectional diagram of Fig, 7, the 
lens cone's apex ring 30 extends downwardly away firom the base ring 28 and is held in a 
particular spatial relationship by struts 32, extending between the apex ring 30 and the 
base ring 28. The base ring 30 is a substantially cylindrical structure with outer and inner 
wall surfaces and with a wall thickness sufficient to support reasonable rigidity under 
compressive stress. An applanation lens 18 is disposed within the apex ring 30 and has an 
OD substantially the same as the ID of the apex ring such that it fits into the apex ring and 
rests against the ring^s interior wall surface. The applanation lens 18 is then bonded into 
place forming a generally unitary structure with the lens cone 16. The applanation lens 18 
is formed with an anterior surface 64 and an applanation surfece 66. It is to be appreciated 
that both the anterior surface 64 and the applanation surface 66 are substantially flat and 
substantially parallel to one another. 

[00571 Manufacture of the lens cone involves bonding and alignment of the 
applanatioTi lens 18 to the apex ring 30. Both of these operations (bonding and alignment) 
are performed at substantially the same time. The lens cone 16 is placed in regi^ti^tijgn ^ 
with an alignment and bonding fixture, termed a "golden pedestal*'. The golden pedestal 
has a horizontal alignment plane (an x, y plane) which is positioned parallel to the x, y 
plane defining the base ring 28. An applanation lens 18 is positioned on the golden 
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pedestal such that its parallel anterior and applanation surfaces he in the x, y plane 
defined by file pedestal and, fims the base ring. The lens cone is lowered over the lens 
until the lens is positioned within the apex ring portion, all the while maintaining the 
relationship between the various x, y planes: When tiie lens is in position, it is bonded, 
with a suitable glue, such as a UV curing cement, to the inside surface of the apex ring, 
thereby fixing the applanation lens in a specific plane, with respect to ttie base ring, and at 
a specific distance firom the base ring. Accordingly^ it will be appreciated that the 
applanation lens is estabUshed in a specific x, y plane and at a specific z distance firom the 
base ring, itself estabUshed in a specific x, y plane and at a specific z distance fiom the 
dehvery tip of a surgical laser. A known spatial relationship between the laser and the 
applanation.surface of the applanation lens is thereby defined, 

[0058] The lower, contact, or applanation, surface of the applanation lens is 
disposed in space in a particular relationship with the laser delivery tip. The contact 
surface provides a reference surface firom which the laser system is able to compute a 
depth of focus characteristic. Since the position of the contact surface is known, with 
respect to the delivery tip, so too is the position of the applanated corneal surface. It is, 
therefore, a relatively straightforward matter to focus a laser beam to any point within the 
cornea. One needs only to calculate the focal point with respect to the contact surface of 
the lens, in order that the same focal point be obtained within the eye, 

[0059] Aligning the lens into position with respect to the lens cone structure 
by use of a "golden pedestal" allows aKgnment tolerances which are substantially tighter 
than those currently obtainable by conventional microkeratome techniques. Conventional 
nricrokeratomes typically exhibit off-plane errors in the range of about +/-30 to 4-A40 
microns. This alignment error leads to planar tilt in the comeal flap, and to potentially 
dangerous flap thickness variations. For example, if a flap were created with a 30 to 40 
micron error, in the positive thickness direction, there exists the possibihty that the 
remaining comeal bed would not be sufficiently thick to safely conduct a laser ablation 
procedure: Instead the cornea would tend to bulge outward, in response, leading to a less 
than optimum surface shape being presented for subsequent laser surface ablatiLoia, . 
Indeed, it is the very scale of microkemtome depth uncertainty tihat contributes to the 
significant percentage of cdnventional laser surgery failures. 
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[00601 Ths **golden pedestal" registration arid alignment system allows for 
planar (in both the x, y plane and the z direction) aHgnment tolerances no greater than that 
of a conventional microkeratome, i.e., in the range of about -fZ-SO microns, and preferably 
in the range of about +/-10 microns. This is measured with respect to both the planar "tilt" 
and the z position of the applanation surface of the applanation lens with respect to the 
defined plane of the base ring and, therefore, with respect to the; laser's delivery tip. This 
is particiilarly a.dvantageous when it is considered that the applanation surface is devised 
to be C0"planar with the anterior surfece of the comea, thereby defining a corneal surface 
which is mathematically calculable and precise with respect to the laser delivery tip: the 
x,y plane of the comeal surface is known and the z distance fi:om the tip to the surface is 
also known. Thus, a precise put may be made within the comeal material without concern 
for potentially dangerous depth variation. 

[00611 Turning now to Fig. 8, an exernplaty embodiment of the complete 
ocular fixation device 10, as it would be attached to a human eye, is illustrated in cross- 
sectional form. The lens cone 16 is coupled to the attachment ring 12, thereby coupling a 
patient's eye 34 to the laser delivery system, by interfacing the two structures together by 
the gripper/interface 14. As previously mentioned, the apex ring 30 has an OD sized just 
slightly larger than the ID of the gripper's annular mating portion 20, such that the apex 
ring 30 can be inserted into the central opening 21 of the gripper 14, when the jaws of the 
gripper are opened. The apex ring is inserted into the central opening, pressure released 
on the gripping structures 22 and 24 thereby allowing the jaws to relax and to close 
around and grip the apex ring 30 securely within the gripper's central opening. As 
illustrated in the exemplary embodiment of Kg. 8, as the apex tjng 30 is inserted into the 
central opening of the gripper, the applanation surfece of the applanation lens makes 
contact with a presented portion of the anterior surface of the comea 34b, As the lens 
cone is lowered into proximity with the comea, the applanation smface of the lens makes 
contact with the comea and appUes a pressure to the comea such that when the lens cone 
is fidly lowered into position, the corneal anterior surface 34b and the applanation surface 
66 of the lens are in intimate contact with one another over a substantial portion of the 
applanation surface. Mechanical pressure of the lens causes the comeal smface to 
conform to the shape of the applanation surface of the lens. Although depicted in the 
exemplary embodiment of Fig, 8 as being flat, the comea may be formed as a concave or 
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convex surface, depending only on the shape of the contact jsurface of the applanation 
lens- 

[0062] In summary, the attachment ring 12 is placed around the limbus of the 
eye, i.e., centered 10 about the cornea and the papillary aperture. The gripper 14 has been 
•previously affixed to the attachment ring 12, such that positioning the ring with respect to 
the eye also positions the eye with respect to the gripper' s central ogening, with the 
pupillary aperture generally centered within the gripper's opening* Suction is titen applied 
to the ring in order to attach the ring onto the eye. With the eye so presented and held in 
place by the attachment ring 12, it becomes a relatively simple matter to lower the lens 
cone and applanation lens into proximate contact with the comea, aad retain the lens 
cone, and particularly the applanation lens, in position by fixing the apex ring with the 
gripper. The gripper is opened to receive the cone assembly which is then lowered into 
the attachment ring* Simultaneously, the contact surface (applanation surface) of the lens 
contacts the corneal surface thereby applanating the cornea. The gripper is then closed, 
thereby clamping the cone assembly in position and fixing the lens relative to the 
applanated cornea- The eye is held to titie gripper by the attachrrient ring, while the 
applanation lens is held to the eye by the gripper. 

[0063] As should be understood fi^oin the foregoing, and with respect to the 
exemplary embodiments, the applanation device is substantially rigidly coupled to the 
laser delivery system, thus the plane of the applanation surface 66 is chacacterizable in 
space with respect to any given focal point of mi incident laser beam. Willi regard to the 
eye, it should be understood that the applanation lens 18 is able to "float** in the "z" 
direction due to the flexibility of the skirt portion of tiie attachment ring* The applanation 
Ictls 18 is therefore able to accommodate variously shaped corneal surfaces without 
placing undue pressure on the eye. Althougji able to "floaf ' in the '*z" dimension, the 
applanation lens 1 8 is secured against lateral motion arid is accurately disposed in a stable 
''x,y" plane with respect to the eye. 

[0064] As an alternative embodiment, the ^planation lens need not be affixed 
to the apex ring by a "golden pedestal" approach. As illustrated in the exemplary 
embodiment of Fig. 9, sufficient ialignment of the lens 18 to the plane of the base ring 28 
can be accomplished by machimng the apex ring 30 to include a retaining Hp 31 disposed 
around the. bottom edge of the apex ring. The applanation lens is inserted into the apex 
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ring from the top, and allowed to rest against the retaining lip 31 , The lens is now bonded 
into position using a suitable glue, such as a UV curing cement. Likewise, the retainirig 
lip 3 i might be provided as an annular structure circumscribing the interior wall of the 
apex ring. The lens is inserted from the bottom until its anterior surface rests against the 
interior lip, at which position it is bonded into place. All that is required in any retaining 
embodiment^ is that the lens be positioned with respect to the lens cone stracture such that 
its alignment in the x, y plane and in flie z direction is at least within an approximately +/- 
30 micron range, hi other words, the applanation surface (and therefore the surface of the 
eye) must be mathematically definable with regard to a laser delivery system to within 
about -i-A30 microns, 

[0065] An additional alternative embodiment will be appreciated by those 
having skill in the ait, when it is considered that the lens might not be affixed to the lens 
cone structure prior to the device being assembled on a patient's eye. The applanation 
lens might be provided as a separate component from the lens cone structure. Li this 
particular embodiment, the applanation lens is constructed as a shallow dish, wilh sides 
extending vertically upwards and having an OD such that it may be press-fit witliin the 
interior of the annular attachment ring;, As the attachment ring and applanation lens 
combination is fixed to the comeal surface, the applanation lens is able to partially 
applanate the comeal surface in order to improve alignment. During the initial affixation 
and alignment procedure, the attachment ring may or may not be fitted within its 
appropriate receptacle in the gripper structure. The attachment ring, either with or 
without the applanation lens included, might be first affixed on the patient's eye and the 
gripper stracture lowered over the attachment ring, or, alternatively, the attachment ring, 
either with or without thp applanation lens included, is press fit into its appropriate 
receptacle on the gripper stracture and the entire oomposite placed over the surface of the 
patient's eye. In this particular instance, care must be taken to precisely manufacture the 
bottom surface of the apex lingy since this is the portion of the lens cone which now 
contacts the applanation lens* Contact pressure between the apex ring and the lens now 
steadies the lens in the desired plane. Needless to say, the attachment procedures 
described above hold true for any of the system embodiments described above, as well as " 
one in which the applanation lens is bonded directly to the gripper structure in a suitable 
position 
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[0066] After the composite structure is either assembled on the patient's eye, 
or assembled and flien positioned on the patient*s eye, the lens cone is lowered into 
position into the central opening of the gripper and the jaws of the gripper are allowed to 
relax, thereby grasping and retaining the lens cone in position. As the lens cone is 
lowered oyer the structure, final applanation takes place as the applanation lens is either 
further pressurized against the corneal surface by movement of the lens cone (if the lens is 
provided as a separate structure) or as the lens is moved into contact ^ith the corneal 
surface, allowing cone pressure to applanate (if the lens is provided within the lens cone's 
apex ring). In this regard, it is anticipated that ocular pressure developed by the 
applanation process will not exceed approximately 60 mmHg, and will preferably be in 
the range of about 40 to 50 nun Hg. 

[0067] The lens cone might be secured to the gripper in a number of ways, in 
addition to being gripped by compressive jaws. For example, the attachment ring might 
have a conunimication channel provided between flie suction chamber and its interior 
surface. Accordingly, as the apex ring of the lens cone is lowered into engagement with 
the attachment ring, a suction is estabhshed between the attachment ring and the lens 
cone's apex ring thereby securing the lens cone to the attachment ring. Although suction 
involves a relatively simple application of force between the lens cone and attachment 
ring, suction (or vacuum) is not the only attachment methodology which is contemplated 
by practice of the invention. Indeed, the upper portion of the attachment ring might be 
provided with thin, magnetic material that attracts the lens cone's apex ring and provides 
for secured docking of the lens cone within the attachment ring. Further, the gripper 
might be provided with a suction manifold disposed around the central opening and the 
apex ring provided with a flange that overlays manifold openings. As the lens cone is 
lowered into position, and the flange covers the matiifold openings, suction is appUed 
thereby securing the lens cone to flie gripper structure. Accordingly, although mating 
between the lens cone and the gripper/attachment ring has been described in connection 
with a flexible, press-fitted attachment, a vacuum attachment or a magnetic attachment, it 
should be understood that the only requirement is that the len^ cone is securely held and 
maintained m a specific spatial relationship with respect to the attachment ring arid; ' 
consequently, with the corneal surface. 
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[0068] The present invention has been described, above, primarily with regard 
to an applanation lens aligned in relation to a human eye in the "z" dimension, while 
retaining the eye against relative motion along an "x, y'" plane. It is also desirable to 
ensure proper alignment of the structure with regard to the central access of the eye, i.e*, 
allow the structure to centrate about flie pupil, such that the iris/pupil is positioned 
substantially in the center of the central opening of the attachment ring. Turning now to 
the semi-schematic, top plan view illustration of Fig. 10, the top surface of the gripper 14 
(top being the surface opposite that in proximity with the eye) is provided with a set of 
alignment marks, or fiduciaries, radially disposed about the gripper's central opening 21, 
on the upper surface of each jaw 26 and 27 and surrounding the central opening 21, The 
fiduciaries are radially disposed and, if extended towards the center of the opening, 
aligned such that they will cross at tiie opening centrum or axis. The aUgnment marks - J 
allow a clinician to judge the central placement of an eye in relation to the opening and 
eases the clinician's task in accurately positioning the attachment ring/gripper structure 
with respect to the ocular centrum, before the lens cone is lowered into position for 
applanation. Once the lens cone is in position, the ahready aligned gripper laterally aligns 
the lens, in turn, to the eye. If the structure is appropriately aUgned such that the eye is 
substantially centered within the central opening, a nominal relationship will be 
established between a laser delivery system and the structural features of an eye in all 
directions (i.e., x, y, z). This simple mechanical approach obviates the need for complex, 
highly sophisticated eye following and tracking mechanisms. 

[0069] A number of exemplary embodiments suitable for practice of the • j: 
present invention have been described in cormection with various illustrations of Figs. 1- 
10. However, it should be understood by those having skill in the art that certain 
modifications, simplifications and expansions rnay be made without departing froni the 
spirit and scope of the present invention. Specifically, any appropriate laser medium 
might be used to deliver the incident laser beam witiiout regard to the particular form and 
shape of the delivery system. In addition, the gripper structure need not be a unitary 
structure, for example, but may indeed be hinged in a central portion and the gripper j aws 
opened and closed in response to spring tension and compression made between tibie 
gripper handles. Likewise, the applanation lens ^eed not be provided with a substantially 
flat applanation surface- Depending on the ophthalmic procedure intended to be carried 
out by the laser system, the lens's applanation surface may be concave or convex in 
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acpordance with an appropriate matfaematically derived curvature, without departing fiom 
the scope and spirit of the invention, 

[0070] In this particular regard, it will be understood that some degree of 
spherical aberration might be present in an uncompensated laser beam if the ^planation 
surface of the ^planation lens were curved. However, given the mafhematical 
characterizability of the curvature of the applanation surface, it should be understood that 
a laser beam can be focus-compensated in order to accommodate a degree of curvature. 

[0071 j Accordingly, it is to be understood that the foregoiug 

embodiments are merely illustrative of the invention and that no limitations are intended 
to either the details of the construction or design other than as defined in the 25)pended 
claims. 
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CLAIMS 

L An improved applaaation lens that does not discolor or lose light transmittance when 
subjected to radiation for use in an interface between a patient's eye and a surgical laser 
system, said improved applanation lens compiiging: 

a, a lens having an applanation surface configured to contact the eye and applanate the 
anterior surface of the eye upon application of a pressure, said lens being' formed of high 
purity silicon dioxide (SiOa). 

2. The improved applanation lens of claim 1, wherein said applanation lens has a 
transmittance of greater than 90% for wavelengths of light from 275 nm - 2500 mn. 

3. The improved applanation lens of claim 2, wherdn said applanation lens has a 
transmittance of greater than 90% for a wavelength of about 1053 nm, 

4. The improved applanation lens of claim 1, wherein said applanation lens has an index of 
refraction of approximately 1 ,46. 

5. The improved applanation lens of claim 1, wherein said applanation lens is fonried of an 
SiOi with a purity great enough to resist discoloration upon prolonged irradiation by high 
energy radiation such as UV, x-rays, gamma rays or neutrons. 

6. The improved applanation lens of claim 5, wherein said high purity SiOj comprises a 
fiised silica. 

7. An interface, adapted to couple a patient's eye to a surgical laser, the interface comprising: 

a. an attachment apparatus adapted to overlay the anterior surface of an eye and for 
stable engagement to the eye; 

b. an ^planation lens adapted to be mounted on the attachment apparatus, said 
applanation lens having an applanation surface configured to contact the eye and applanate 
the antearior surface of the eye vtpon application of a pressure; and 

c. said applanation lens being formed of high purity SiOs- 

8. The interface of claim 7, wherein said applanation lens has a transmittance of greater than 
90% for wavelengths of light from 275 nm - 2500 mn. 
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9. The interface of claiin 8, wherein said applanation lens has a transmittance of greater than 
90% for a wavelength of about 1053 mn. 

10. The interface of claim 7, wherein said applanation lens has aa index of refraction of 
approximately 1.46. 

1 1 . The interface of claim 7, wherein said applanation lens is formed of an SiOz with a purity 
great enough to resist discoloration upon prolonged irradiation by high energy radiation such 
as UV;, x-rays, gamma rays or neutrons, . 

12. The interface of claim 7, wherein said high purity Si02 comprises a fused sUica, 

13. A method for applanating an anterior surface of a patient's eye and coupling the eye to a 
surgical laser, the method comprising the steps of: 

a. providing an interface having a bottom surface, wherein the interface is coupled to a 
suction ring positioned at the bottom surface of the interface, wherein the suction ring 
includes an applanation lens, said applanation lens having an applanation surface configured 
to contact the eye and applanate the anterior surface of the eye upon application of a pressure, 
said applanation lens being formed of high purity SiOr, 

b. positioning the applanation lens in proximate contact with an operative area of the 
eye; and 

c. applying a suction to the suction ring to thereby stabilize the position of the interface 
relative to the operative area of the eye, 

14. The method of claim 13, wherein said applanation lens has a transmittance of greater 
than 90% for wavelengths of hght from 275 nm - 25Q0 Tim. 

15. The method of claim 14, wherein said applanation lens has a transmittance of greater 
than 90% for a wavelength of about 1053 nm. 

16. The method of claim 13, wherein said applanation lens has an index of refraction of 
approxixriately 1,46. 
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17. The method of claim 13, wherein said applanation lens is formed of an SiOa with a pnrity 
great enough to resist discoloration upon prolonged irradiation by high energy radiation such 
as UV, x-rays, gamma rays or neutrons, 

18. The method of claim 13, wherein said high purity SiOa compiises a fused silica, 

19. An improved applanation lens that does not discolor or lose light transmittance when 
subjected to radiation for use in an interface between a patient's eye and a surgical laser 
system, said improved applanation lens comprising: 

a, a lens having an applanation surfece configured to contact the eye and applanate the 
anterior surface of the eye upon application of a pressure, said lens including a biocompatible 
material, 

20. The improved applanation, lens of claim 19, wherein said applanation lens has a 
transmittance of greater than 90% for wavelengths of light from 275 mn - 2500 mn. 

21. The improved applanation lens of claim 20, wherein said applanation lens h^s a 
transmittance of greater than 90% for a wavelength of about 1053 nm. 

22. The improved applanation lens of claim 19, wherein said applanation lens has an index 
of refraction of approximately IA6. 

23. The improved applanation lens of claim 19, wherein said applanation lens is formed of 
an SiOa with a purity great enough to resist discolomtion upon prolonged irradiation by high 
energy radiation such as UV, x-rays, gamma rays or neutrons. 

24: The improved applanation lens of claim 23, wherein said higji purity SiOb comprises a 
fused silica. 

25. The improved applanation lens of claim 19, wherein said biocompatible material is able 
to withstand' laser energy witiiout melting, oxidizing, t>r creating byproducts not compatible 
with corneal tissue. 



26 



wo 03/002008 



1/7 



PCT/US02/20294 




wo 03/002008 



2/7 



PCT/US02/20294 





wo 03/002008 



3/7 



PCT/US02/20294 




wo 03/002008 



4/7 



PCTrtJSOZ/20294 




FIG. 6 



wo 03/002008 



5/7 



PCT/US02/20294 




FIG. 7 



wo 03/002008 



6/7 



PCT/US02/20294 




W6 03/002008 PCT/US02/20294 




FIG. 10 



ustternationaL search report 



Intern a.tionaL application No. 
PCT/US0£/SOSa'|i 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) If /Be 

US CL iGoe/B 

Acqording to International Patent dasBification. (IPC) or t o both n^onal classification and IPC 

B. FIELDS SEARCHED • 

Minimum documentation searched (classilloation system followed hj classification symbols) 

U.S. : 60e/5, 4; 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
searched 



Electronic data base consulted durm^ the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 





Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


US 5,549,632 A (Lai) 27 August 1996. See tlie entire document. 


1-25 


Y 


US 5,282,088 A (Davidson) 25 January 1994- See the entire 


1-18 




document. 




Y 


US 5,336,215 A (Hsueh et al.) 09 August 1994, See the entire 


19-25 




document. 





P [ Further documents are listed in the continuation of Box <X \ ] See patent family annex. 



«2r 



* Speoha a&togoiciM of dit^l dooniiLBata: 

A* aooom«nt dofin in g tha ganeni stafo of th« >art irliioh is uoi eo&u2eiBi 

to be of f utiotilaT lelBTaiua 

doaonunt -which taaj throTr doTibta on prionSj oUimOc) or whiiih b 
cite* to Bflt&blislL the pfiibKii»tiott iate of *iiotlLot ciUtioii or qQubt ^ 

^O" dogoment nfozziDg. to m onl disolotfiuo> nae, eTMbition or otliar 

^F" doonmoitt pnblifiliei fxior to tlio intema.tiaa&l ding data 'but. later i^ 



Utex dooimiviit ptilrlikhei iifter fho iutemaiiojial filing dat» or f idoxi^ 
d&t« and aot in coaflinf irith. the Applio&tion. but oitod to nndeistuid 
the pti&oiplo VT tbcotf uidexlfuig fib« in-TBUtioii 

docttment of pxttumlAf TolaTanoo^ the olaiiaed jjivoation cuiiiot be 
Dotisidoiod nc^I or-'daBliat ha iioii«idAXf)d to ihtoIt^ ui iuTantxra skp 
yrhtot {b« doDioiiBAt iA txbnii: alcoto 

dooimt«iifc of paxtioiilu xb1btuio«{ olmbitttii mwatioill. fisnnof le 
oo]mdB>)«d to inrolva an ammSim dap v^eix tbft documeai ia amnbixibd 
-with, coofi or niorb ofhar biioIi dootmiBiLt^ mob. nambvuJSBti hvmg 
iATivOA to s, pexRon iilcUlad in the art . .„_:--■ 

doouneitt maxobsT of the Bune p&tent fastllj 



Date of the actual completion of the international search 
28 JULY 200^ 


Date of mailing J report 


Name and niailin? address of the ISA/US 
Cbmniissioner of Patents and Tradeniarks 

Box per ^ 

Washington, D.C. S0a51 
Facsimile No. {70S) 305-52SO 


Authorized ofHcer ^ ^ ~ / / 

AHMED M. FARAH oQ/ /(^^/TU^ ^/TUX^^ 
Telephone No. (70a) S0fi-57fi7 



Form PCT/ISA/210 (second sheet) (July 199S)* 



